The aim of this study was to determine adsorption properties of cuttlebone, cuttlefish bone as dead biomass, for lead(II) and copper(II) from aqueous solutions. Adsorption kinetic, isotherm and effect of pH (in the range of 2.0-7.0) were investigated in a single component batch system at room temperature (25 ± 1 W C). The heavy metal adsorption by cuttlebone was relatively rapid and reached equilibrium in 120 min in all the cases. The pseudo-second order rate equation described the adsorption kinetic of both the ions. The adsorption capacities of Pb 2þ and Cu 2þ were constantly increased by pH and the optimum condition of pH was determined to be 7.0. The Freundlich model was better fitted than other models with the isotherm data, indicating sorption of the metal ions in a heterogeneous surface. According to the Langmuir model, the maximum adsorption capacities of cuttlebone for Pb 2þ and Cu 2þ were determined to be 45.9 and 39.9 mg/g, respectively. The results indicated cuttlebone as a promising adsorbent for Pb 2þ and Cu 2þ , which presents a high capacity of self-purification in marine environments and also can be used for removal of the metal ions from water and wastewater.
INTRODUCTION
Environmental pollution tends to be a serious problem which poses human health risks and harmful effects to abiotic and biotic factors. Heavy metals as one of the main pollutant groups of marine and freshwater environments have become a public health and environment concern because of their toxic effects, accumulation through the food chain and non-biodegradable nature (Nabizadeh et al. b; Naddafi et Among the heavy metals, much research attention has been given to lead (Pb 2þ ) and copper (Cu 2þ ). Pb 2þ can be found in effluents from lead mining, battery manufacturing and recycling plants, electronic assembly plants, etc. and it can damage the nervous system, gastrointestinal tract, kidney and reproductive system particularly in children. Although Cu 2þ is known to be an essential trace element in humans, excess intake of the ion can cause adverse gastrointestinal responses and liver toxicity. Based on the health effects, the World Health Organization (WHO) has set the guideline values for lead and copper in drinking water to be 0.01 and 2 mg/L, respectively (Naddafi & Saeedi ; WHO ; Yu et al. ; Mungondori et al. ) .
In the past decades, various technologies such as ionexchange, precipitation, reverse osmosis, coprecipitation, electrochemical treatment and adsorption have been widely used for the removal of heavy metals from aqueous solutions (Nabizadeh et al. a; Boldaji et al. ; Fu & Wang ; Chen et al. ) . Among these methods, adsorption is one of the most recommended physicochemical treatment processes due to its advantages of high efficiency, simple operation, fast response, cheapness and environmentally favorable. Up to now, various materials such as algae, bacteria, zeolite, clay minerals, polymeric materials, iron oxide nanomaterials, and activated carbons have been used as adsorbents. Research on removal of heavy metals by dead biomass of organisms is useful from two perspectives: estimating self-purification capacity of natural environments and obtaining a feasible method to remove heavy metals from water and wastewater (Mi et Cuttlebone or cuttlefish bone is an internal shell found in all members of the family cuttlefish (Figure 1 ). There are huge quantities of cuttlebone in marine environments and beaches. Cuttlebone can be collected from beaches as an inexpensive and easily available material. To the best of our knowledge, this material has not been used before for adsorption of heavy metals. The objective of this study was to estimate the self-purification capacity of marine environments for Pb 2þ and Cu 2þ by cuttlebone as well as to determine feasibility of cuttlebone application for removal of heavy metals form water and wastewater. Kinetic and isotherm experiments were performed and the effect of pH on adsorption of Pb 2þ and Cu 2þ by cuttlebone was studied in a single component batch system.
MATERIAL AND METHODS

Adsorbent preparation
The cuttlebone was collected along the Persian Gulf in the Bushehr seaport coastal area. The biosorbent was transferred to the laboratory and thoroughly washed two times with tap water and then with de-ionized water in order to remove clay, sand, and other impurities. The washed cuttlebone was subsequently dried in an oven (Memmert, Germany) at 105 W C for 24 h and finally ground and sieved to select particles between 0.3 and 0.7 mm.
Characterization of adsorbent
The surface functional groups of cuttlebone were recorded by Fourier transform infrared spectroscopy (FTIR) (model Spectrum RXI, Perkin Elmer) over the wave number range from 4,000 to 400 cm
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.
Solution preparation
All 
Adsorption experiments
All the adsorption experiments were conducted in a single component batch reactor on a rotary shaker at 120 rpm at room temperature (25 ± 1 W C). Initial pH of solution was adjusted to 5.0 in kinetic and isotherm experiments. Kinetic experiments were carried out in three initial concentrations of metal ion: 10, 20 and 50 mg/L. The experiments were continued for 4 h and samples were taken from the experiment vessels at predesignated time intervals (3, 10, 20, 40, 60, 120, 180 and 240 min) for analysis. The adsorption isotherm was studied in equilibrium contact time, obtained from kinetic tests to be 2 h. Isotherm experiments were conducted by variation of adsorbent dose from 0.1 to 1.0 g/L and constant initial ion concentration of 50 mg/L. Due to interference of the metal ion precipitation in pH values higher than 7.0, the effect of pH on equilibrium capacity of heavy metal adsorption by cuttlebone was studied in initial pH range of 2.0 to 7.0.
Analytical methods
The metal ions were measured using an atomic absorption spectrophotometer (AA200, Perkin Elmer) according to the instruction of Standard Methods (APHA et al. ).
To control analytical quality, blank solutions of Pb 2þ and Cu 2þ were examined between samples and reagent solutions were analyzed sporadically.
Calculation
The adsorption capacity was calculated using Equation (1):
where C i and C (mg/L) are initial and final concentrations of metal ion, respectively, q (mg/g) is the adsorption capacity, V (L) is the solution volume and m (g) is the adsorbent dosage.
The adsorption kinetic was analyzed by the pseudo-firstorder, pseudo-second-order, Elovich and intraparticle diffusion models presented below as Equations (2) 
where q e and q t (mg/g) are adsorption capacities at equilibrium and any time, respectively, k 1 (1/min) is the pseudo-first-order rate constant, t (min) is the contact time, k 2 (g/(mg min)) is the pseudo-second-order rate constant, α (mg/(g min)) and β (g/mg) are the rate constants of the Elovich model, k id (mg/(g min 0.5 )) is the rate constant of intraparticle diffusion and a (mg/g) is a measure of the boundary layer thickness. If the plot of q t versus t 0.5 forms a straight line that passes through the origin, the intraparticle diffusion will be the rate limiting step. Otherwise, the rate of the adsorption process is controlled by the other sorption steps.
To characterize the adsorption isotherms of Pb 2þ and Cu 2þ by cuttlebone, four common isotherm models, Freundlich, Langmuir, Redlich-Peterson and Temkin models, were used and their linear forms are presented below as Equations (6)- (9) 
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where K F and n are the Freundlich model constants indicating adsorption capacity and intensity, respectively; C e (mg/L) is the equilibrium concentration; q m (mg/g) is the maximum adsorption capacity; b (L/mg) is the Langmuir constant as a function of the adsorption energy,
and γ (dimensionless) are the Redlich-Peterson constants, R (8.314 J/(mol K)) is the universal gas constant, T (K) is the absolute temperature, b T (J/mol) is the Temkin constant of adsorption heat and A T (L/g) is the Temkin binding constant.
RESULTS AND DISCUSSION
Characterization of adsorbent
The FTIR spectra of cuttlebone before and after adsorption of Pb 2þ and Cu 2þ are shown in Figure 2 . and fitness of the data to the pseudo-second-order kinetic model are presented in Figure 3 and Table 1 . As can be seen in Figure 3 , the adsorption of Pb 2þ and Cu 2þ was relatively fast, so that 95% of the adsorption occurred in 60 min and reached equilibrium in 120 min in all the cases. This rapid kinetic counts as an advantage for the process, because it will reduce required contact time and reactor volume and will increase cost efficiency (Azizian ; Nabizadeh et al. b). According to Figure 3 and Table 1 , the pseudo-secondorder rate model best described the kinetic data (R 2 > 0.99). The experimental data were also well fitted to the Elovich equation (R 2 > 0.90). onto cuttlebone are given in Table 2 . As observed in Figure 4 and Table 2 , the isotherm data of both the metal ions were fitted to the Freundlich model better than to the other models (R 2 > 0.97), indicating surface adsorption sites of cuttlebone were heterogeneous. The Redlich-Peterson model also described the isotherm data with high correlation coefficients (R 2 > 0.95). The Langmuir constant of q m , the maximum adsorption capacity, is the most common parameter to compare adsorbents for the same adsorbate. The values of the parameter q m for adsorption and Cu 2þ adsorption by coconut dregs residue were obtained to be 9.7 and 2.8 mg/g, respectively.
Based on the results, in addition to the feasibility of using cuttlebone in water and wastewater treatment plants for removal of Pb 2þ and Cu 2þ , the dead naturally abundant biomass offers a large capacity of self-purification in marine environments for the heavy metals. This self-purification capacity has a special importance in the marine environments exposed to heavy metal discharges (Bronfman ; Wang et al. ; Cukrov et al. ) . The Persian Gulf is a good example of marine environments receiving a large quantity of heavy metals through man-made resources including oil and gas industries and transportation; therefore the self-purification capacity would play an important role in reduction of probability of heavy metal pollution in the environment. It is recommended that the self-purification capacity be considered in harvesting cuttlebone for human uses.
Effect of pH
The degree of ionization of metal ions in aqueous solutions and the charge of adsorbent surface are greatly influenced by solution pH (Heidari et al. ) . Figure 5 shows the effect of pH on the adsorption of Pb 2þ and Cu 2þ by cuttlebone. The adsorption studies were performed within the pH range of 2.0 to 7.0, because the metal ions formed insoluble hydroxide precipitates simultaneously at pH value greater than 7.0; therefore removal of the metal ions at pH value greater than 7.0 was not solely by adsorption onto cuttlebone, but due to hydroxide precipitation as well. According to Figure 5, 
